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(57) A writable compact disk has a plastic sub- 
strate, a recording layer, a reflecting layer, and a 
protective overcoat, the reflecting layer is com- 
prised of a silver-palladium alloy, a silver- 
copper alloy, or a silver-palladium-copper alloy. 
By maintaining the palladium component of the 
alloy less that 15 at.% and the copper compo- 
nent of the alloy less than 30 at.%, the reflect- 
ance of the reflecting layer can be similar to the 
typical gold reflecting layer while jitter and 
NORP levels can be reduced for illumination 
power levels exceeding the power normally* 
used to write on the recording layer. 
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BACKGROUND OF THE INVENTION 

1. Field of Invention 

This invention relates generally to compact disks 
and, more particularly, to the reflecting layer typically 
found on compact disk. 

2. Description of the Related Art 

Writable compact disks, i.e., compact disks upon 
which information can be written after the manufac- 
ture thereof, have been previously described in the 
related art The Photo CD is an example of this type 
of storage medium. As illustrated in Fig. 1, a writable 
compact disk has a pre-grooved plastic substrate 11, 
an (organic dye) recording layer 12, a (metal) reflector 
layer 13, and a protective (lacquer) overcoat The con- 
ventional writable storage medium uses a thin layer of 
gold as the reflecting layer. The gold reflecting layer 
exhibits both high stability and high reflectivity. How- 
ever, gold is expensive and has several undesirable 
features when used as a reflecting material in a stor- 
age medium. By way of specific example, the gold re- 
flecting layer is typically fabricated by a sputtering de- 
position process in order to achieve high product 
throughput. However, the gold layer has relatively 
poor adhesion to the organic dye recording layer. Dur- 
ing higher power writing processes, such as when in- 
formation is being stored at greater than the normal 
reading speed and the laser power must be corre- 
spondingly increased, the gold layer delaminates and 
cracks are produced in the dye layer. (The higher 
power levels are used to expedite the writing period 
normally used to record information at the typical disk 
speed.) In addition, the gold reflecting layer exhibits 
enhanced noise at power levels typically used to re- 
cord at speeds which are greater than the normal 
reading speeds. This phenomenon is referred to as 
Noise at Optimum Recording Power (NORP) and is a 
serious problem in writable media using dyes. 

A need has therefore been felt for a reflecting lay- 
er in writable compact disk media which has high re- 
flectivity and long term durability and which does not 
use a gold material. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
an improved storage medium. . 

It is a feature of the present invention to provide 
an improved reflecting layer in a optical storage me- 
dium. 

It is a more particular feature of t he present inven- 
tion to provide a reflecting layer in a storage medium 
comprised of a silver-palladium alloy. 

It is another more particular feature of the present 
invention to provide a reflecting layer in a storage me- 

dium comprised of a silver-palladium-copper alloy 
storage medium. 

It is a feature of the present invention to provide 
a compact disk capable of having information written 

5 thereon by a radiation beam, said compact disk com- 
prising a protective overcoat; a reflecting layer prox- 
imate said protective overcoat, wherein said reflect- 
ing layer is a silver-palladium alloy ; a recording layer 
proximate said reflecting layer ; and a plastic sub- 

to    strate proximate said recording layer. 
It is also a feature of the present invention to pro- 

vide, in an optical storage medium in which a optical 
recording layer is proximate a reflecting layer, a meth- 
od of improving the jitter and the NORP parameters 

15 when said recording layer is irradiated with a radiation 
intensity greater than a normal operating intensity 
while maintaining an acceptable reflectivity from said 
reflecting layer, said method comprising the step of 
depositing a reflecting layer of a silver-palladium alloy 

20    on said recording layer. 
The present invention is directed to overcoming 

one or more of the problems set forth above. Briefly j 
summarized, according to one aspect of the present j 
invention, alloys of silver with palladium and/or cop- 

25    per have been found to exhibit properties suitable for j 
replacing gold metal as a reflecting layer in a compact | 
disk. The media using silver alloys as reflecting layers •; 
exhibit significantly lower jitter and substantially re- 
duced NORP as compared to gold layers deposited j 

30    under the same sputtering conditions. The additions \ 
of palladium (in the order of 1-15 at %) or copper (1- 
30 at. %) to silver increases the environmental stably j 
ity without significantly compromising the optical j 
properties in the reflecting layer application. 1 

35 These and other aspects, objects, features and 
advantages of the present invention wilt be more1 

dearly understood and appreciated from a review of 
the following detailed description of the preferred em- 
bodiments and appended claims, and be reference to 

40    the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of the writable 
45    storage media such as a compact disk. 

Figure 2 shows the reflectivity as a function of 
concentration of palladium and copper in silver alloys. 

Figure 3 shows the mark jitter as a function of 
write power for a gold layer reflector in a writable CD. 

so        Figure 4 shows the mark jitter as a function of 
write power for two silver-palladium alloys. 

Figure 5 shows the mark jitter as a function of 
power for a silver-copper alloy. 

Figure 6 shows the reflectivity of several alloys 
55    as a function of aging time. 

2 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

1. Detailed Description of the Figures 

Fig. 1 has been described above as an example 
of the structure of a typical writable storage medium 
such as a compact disk. Silver has better reflectivity 
than gold at the typical operating wavelength of 780 
nm. However, silver has a lower durability than gold 
and tarnishes or corrodes with time, thereby dimin- 
ishing the reflectivity. 

The alloy thin films were prepared by co-sputter- 
ing silver and palladium and/or copper using d.c. mag- 
netron guns in an argon atmosphere. Specific alloy 
compositions were prepared by controlling the sputter 
power to the individual targets. The alloy thin films 
were deposited on glass, silicon, and poly-carbonate 
substrates. 

The reflectivities of the pure metal films and the 
alloys were measured for materials deposited on sili- 
con. The reflectivities were measured at the operating 
wavelength of 780 nm. The measurements are shown 
in Fig. 2. The reflectivities of the silver-palladium al- 
loys are lower than the reflectivity of pure silver due 
to the diluting effects of the added palladium. The re- 
flectivity decreases rapidly with increasing palladium 
concentration. However, the silver-copper reflectivi- 
ties are comparable to pure silver thin films. 

Complete compact disks were fabricated using 
silver alloys and gold films approximately 1000A 
thick. All reflecting layers were deposited on the (dye) 
recording layer under the same sputtering conditions. 
Then the lacquer overcoat layer was spin coated on 
the reflecting layer and the disks were tested for the 
NORP using standard testing conditions. The results 
of these tests are shown in Figs. 3-5. These Figures 
show the jitter of marks recorded on the disks as a 
function of recording power for the disks with reflect- 
ing layers of pure gold, silver-palladium alloys and sil- 
ver-copper alloys, it is clear from these Figures that 
the disks with silver-palladium reflecting layers have 
lower noise than disks with a pure gold reflecting lay- 
er. 

The written tracks were examined under a differ- 
ential interference contrast microscope. The disks 
with the silver-palladium alloy reflecting layers did not 
show significant deformations of the recording layer. 
The disks with the gold layer did show significant 
damage to the medium. 

The silver-palladium alloys and the silver-copper 
alloys have a higher environmental stability than pure 
silver or copper materials. By way of specific exam- 
ple, a stability test at 70° C and 70% relative humidity 
was performed for the metals and alloys herein de- 
scribed. The changes in reflectivity as a function of 
time are shown in Fig. 6. The silver-palladium and the 
silver copper alloys have a greater environmental sta- 

bility than the pure silver. The increase in the corro- 
sion resistance of the silver-copper alloys depends on 
the copper content in the film, i.e., low copper con- 
centration alloys (such as Ag9oCu10) have a better sta- 

5     bility than copper rich alloys (such as AgsoCuso). 
While the measurement of the adhesion of the al- 

loys to the (dye) recording layer has not been possi- 
ble, simple mechanical scotch tape peeling tests indi- 
cate that the palladium, silver-palladium, and silver- 

to palladium alloy films have very good adhesion to the 
organic polycarbonate substrate. Silver and gold 
films could be peeled off of the substrate. The de- 
crease in the NORP parameter during recording 
speeds greater than the typical playing speed can 

15 possibly be due to the improved adhesion between 
the alloy layer and the (organic dye) recording layer. 

2. Operation of the Preferred Embodiment 

20 It will be now appreciated that the use of silver- 
palladium, silver-copper and silver-palladium-copper 
alloys as the reflecting material layer in writable opt- 
ical storage media, including the writable CD disk, re- 
sults in significantly lower jitter and reduced NORP 

25 parameters along with other advantages. The reflec- 
tivity of the film decreases rapidly with the increasing 
palladium although the corrosion resistance increas- 
es proportionately. Therefore best results are found 
when the amount of palladium in the alloy is limited 

30 to less than 15 at% and preferably less than 10 at%. 
Although the improvement in the corrosion resis- 
tance depends on the amount of copper in the alloy 
layer, the copper concentration should be limited to 
less than 30 at % and preferably less than 20 at%. 

35 The properties of these materials are not com- 
pletely understood at present. The palladium metal 
layer has a finer microstructure than the silver metal 
layer. It is thought that the small amounts of palladium 
in the alloy causes the film to nucleate in the same 

40 manner as palladium. The combined layer, as a con- 
sequence, tends to have basically the same micro- 
structure as the palladium while having similar optical 
properties as the silver layers. The improved durabil- 
ity of the alloy films may be the result of the finer mi- 

45    crostructure of the alloy films. 
As indicated by U.S. Patent 4,565,719, alloys of 

silver and palladium have been used in various appli- 
cations in the past However, there is no suggestion 
that the properties of these alloys would be useful in 

50    the writable CD environment. 
Operation of the present invention is believed to 

be apparent from the foregoing description and draw- 
ings, but a few words will be added for emphasis. The 
advantages of the silver-palladium-copper alloy of 

55 the reflecting layer for writable compacts disks of the 
present invention as compared to reflecting layers of 
the related art include the relative stability when high- 
er than illumination power is employed to write on the 

3 
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recording layer while maintaining the reflectivity of 
the gold layer of the prior art. 

While the invention has been described with refer- 
ence to the writable compact disk, it is apparent that the 
invention is easily adapted to other devices that have an 
optical storage layer in contact with a reflecting layer. 

While the invention has been described with par- 
ticular reference to a preferred embodiment, it will be 
understood by those skilled in the art that various 
changes may be made and equivalents may be sub- 
stituted for elements of the preferred embodiment 
without departing from invention. In addition, many 
modifications may be made to adapt a particular sit- 
uation and material to a teaching of the invention with- 
out departing from the essential teachings of the 
present invention. 

As is evident from the foregoing description, cer- 
tain aspects of the invention are not limited to the par- 
ticular details of the examples illustrated, and it is 
therefore contemplated that other modifications and 
applications will occur to those skilled in the art It is 
accordingly intended that the claims shall cover all 
such modifications and applications as do not depart 
from the true spirit and scope of the invention. 

Claims 

1. A compact disk capable of having information 
written thereon by a radiation beam, said com- 
pact disk comprising: 

a protective overcoat; 
a reflecting layer proximate said protective 

overcoat, wherein said reflecting layer is a silver- 
palladium alloy; 

a recording layer proximate said reflecting 
layer; and 

a plastic substrate proximate said record- 
ing layer. 

2. The compact disk of claim 1 wherein said palla- 
dium In said alloy is less than 10 at%. 

3. The compact disk of claim 1 wherein said palla- 
dium in said alloy is less than 15 at.% of said al- 
loy. 

4. The compact disk of claim 3 wherein said silver- 
palladium alloy further includes a copper compo- 
nent. 

5. The compact disk of claim 4 wherein a copper 
content of said silver-palladium-copper ailoy is 
less than 30 at.% of the alloy. 

6. The compact disk of claim 5 wherein said record- 
ing layer is comprised of a photo-sensitive organ- 
ic dye. 

7. A compact disk capable of having information 
written thereon by a radiation beam, said com- 
pact disk comprising: 

a protective overcoat; 
5 a reflecting layer proximate said protective 

overcoat; 
a recording layer proximate said layer; and 
a plastic substrate proximate said record- 

ing layer, wherein said reflecting layer is a silver- 
10 copper alloy. 

8. The compact disk of claim 7 wherein said copper 
in said alloy is less than 20 at.%. 

15    9. The compact disk of claim 7 wherein said copper 
in said alloy is less than 30 at.% of said alloy. 

10. The compact disk of claim 9 wherein said silver- 
copper alloy further includes a palladium compo- 

20 nent. 

11. The compact disk of claim 10 wherein a palladium 
content of said silver-palladium-copper alloy is 
less than 15 at% of the alloy. 

25 
12. The compact disk of claim 11 wherein said record- 

ing layer is comprised of a photo-sensitive organ- 
ic dye. 

13. In an optical storage medium in which a optical re- 
cording layer is proximate a reflecting layer, the 
method of improving the jitter and the NORP 
parameters when said recording layer is irradiat- 
ed with a radiation intensity greater than a nor- 
mal operating intensity while maintaining an ac- 
ceptable reflectivity from said reflecting layer, 
said method comprising the step of: 

depositing a reflecting layer of a slver-pal- 
ladium alloy on said recording layer. 

14. The method of claim 13 wherein said depositing 
step includes a step of limiting a palladium con- 
tent of said alloy to be less than 15 at.%. 

45 15. The method of claim 14 wherein said depositing 
step includes a step of providing a copper com- 
ponent in said silver-palladium alloy. 

16. The method of claim 15 wherein said providing 
50        step includes a step of limiting said copper com- 

ponent to less than 30 at.% of said alloy. 

17. A storage medium for storing information by vert- 
ically oriented magnetic domains in a magneto- 

55 optic material, said information retrieved from 
said medium through interaction of said oriented 
domains with a radiation beam, said storage me- 
dium comprising: 

30 

35 

4 
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a substrate capable of transmitting a radi- 
ation beam having a selected wavelength; 

a recording layer of a magneto-optic mate- 
rial proximate said substrate, said recording layer 
capable of interacting with said radiation beam; 5 

a reflecting layer proximate said recording 
layer, said reflecting layer including a silver-pal- 
ladium alloy; and 

a protective layer proximate said reflecting 
layer 10 

18. The storage medium of claim 17 wherein said pal- 
ladium in said alloy is less than 15 at.% of said al- 
loy. 

15 
19. The storage medium of claim 18 wherein said 

storage medium is compact disk capable of hav- 
ing information written thereon after disk fabrica- 
tion. 

20 
20. The storage medium of claim 18 wherein said sil- 

ver-palladium alloy further includes a copper 
component. 

21. The storage medium of claim 20 wherein a copper 25 
content of said silver-palladium-copper alloy is 
less than 30 at% of the alloy. 

30 
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Reflectivity C/.) at 780 nm 
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